Implementation of tablets in Norwegian schools has become quite common, but we still have too little research knowledge about the learning outcome from these implementation measures. To achieve more knowledge about the topic, this trailing research examines the first cohort of Baerum municipality's implementation of tablets in primary school. The outcome measures in the study are external for the intervention, and are recorded data from National Tests (National reading, arithmetic and English Tests, Classes 5, 8 and 9, National Mapping Tests for reading and arithmetic, Classes 1-3, and the 2014-2016 National Pupil Survey). The whole study (N=15,708) relies on an explanatory, sequentially mixed-methods design (Fetters, Curry and Creswell (2013) , and in this study we examine the quantitative effects of this implementation. The results stemming from the general focus areas, that is, spelling, reading, comprehension and arithmetic in the National Mapping Tests for reading for Classes 1-3, we find that there is no significant impact on pupil learning 1 with respect to Classes 1 and 2 at the Pilot 1 schools in 2015
INTRODUCTION
Lack of research-based knowledge about the effects of educational technology as tablets in school has been identified as one urgent challenge in school both internationally and in Norway. One of the reasons for this is that, for example, the PISA study, Students, Computers and Learning reveals that: "(…) we have not yet become good enough at the kind of pedagogies that make the most of technology" (OECD 2015, p. 5) . This trailing research is positioned towards this "gap" within the research area and examines the first (of five) cohorts in the Municipality of Baerum's "Everyday Digital Schooling" tablet project which implies examining outcome measures regularly through our longitudinal research design. This is the first large-scale effect study of implementation of tablets in Norwegian primary school where the outcome measures are external for the intervention, as recommended by, for example, Cheung and Slavin (2013) . This means that the learning outcome in this study is the results from National Tests, the National Mapping Tests and the National Pupil Survey. Cheung and Slavin (2013) underline the rationale for this kind of effect analysis and research studies:
If a particular combination of hardware, software, print materials, professional development for teachers, and other elements can be reliably replicated in many classrooms, then it is worth evaluating as a potential means of enhancing student outcomes (Cheung and Slavin 2013, p. 90 ).
The establishment of Baerum Municipality's "Everyday Digital Schooling" school development-project initiative commenced at five schools in Baerum in January 2015. The aim of introducing tablets as a primary learning aid for every single pupil at all stages at the pilot schools was to improve the academic and personal outcomes acquired by the pupils from their schooling.
2 Investing in tablets was simultaneously supposed to challenge the teachers to develop and change their own teaching and working practices wherever possible and to help with the provision of better learning for the pupils. In other words, it was to renew their pedagogy and didactics in order to change the teacher's role from the "sage on the stage" to the "guide on the side" (Van Dusen 2000, p. 14) .
The experiences gained from the first six months were evaluated during the spring of 2015, and the results and findings were then collocated and summarised in the Municipality's own report entitled "Everyday Digital Schooling -review and analysis of the experiences acquired by five pilot schools in the Municipality of Baerum" (Baerum Municipality 2015) . This report concluded that the provisional evaluations have produced favourable results with respect to pupil motivation, mastery and learning. The feedback received from the pupils, teachers and head teachers also pointed towards the fact that using tablets provides good 2. At the same time the incentive also included equipping all teachers and employees with their own tablets. opportunities for more individually adapted teaching and differentiation of the assessment work undertaken by the teachers. The report also pointed out the challenges associated with several factors, that is, that pupils can become distracted by non-academic online activities (e.g. in social media and/or games), that several pupils prefer to write by hand because this enables them to remember things better (van der Meer & van der Weel 2017) , and that parent opportunities for gaining an insight into their own children's school work could be better.
Based on the favourable findings contained in the report, and in order to extend the knowledge and decision-making basis for the possible introduction of tablets in all of the Municipality's primary and secondary schools, the Sectoral Committee for Children and Adolescents in the Municipality of Baerum decided to extend the pilot project to include a further ten schools with effect from August 2016. It was decided to examine this intervention by trailing research and external trailing researchers. The aim of this trailing research was therefore to conduct further consequential research on the "Everyday Digital Schooling" project and investigate the degree to which the aims of the project relating to better learning, better academic and personal outcomes, changes in pupil and teacher roles, knowledge-building and sharing experiences was met at 15 March 2017. In this trailing research the outcome measures in the study are external for the intervention and are recorded data from National Tests (National reading, arithmetic and English tests, Classes 5, 8 and 9, National Mapping Tests for reading and arithmetic, Classes 1-3, and the 2014-2016 National Pupil Survey).
In this first cohort of the trailing research, we only examine the quantitative effects of this implementation. The paper first presents a conceptual framework and the methodology of the study, followed up by the results and a discussion of the study's main findings.
CONCEPTUAL FRAMEWORK Literature review
What actually is a tablet? Is it a kind of mix between a laptop, PC and a mobile phone? Or is it something else? Since there are different perceptions of what a tablet is, we define it in this study as a "device with a touchscreen interface, screen sizes ranging from 5 inches to 12 inches, colour displays, Wi-Fi or 3G internet connectivity, and advanced mobile operating systems such as Apple iOS, Google Android, Windows 7 or BlackBerry" (Perrin 2011, p. 5) . Since there are different types of tablets and tablet computers, the hardware used in this project in Baerum was "Ipads".
We should all keep in mind that the first tablets came on the market 6-7 years ago, and thereby it is a quite new kind of hardware. Because of this (and other reasons), there are still a limited number of large-scale research studies within the area of this kind of tablet technology applied for education purposes. More research is therefore needed within this area -especially since we know that all around the world there are tablet initiatives at different policy levels from Governments, Counties, Municipalities, schools and others regarding implementation of tablets in schools. Concerning such initiatives, Tamim, Borokhovski, Pickup, Bernard & El Saadi (2015a) state that "we still know too little about what their underlying philosophical and educational principles are (if they exist at all) (p. 8) " and Säljö (2017) expresses the same concerns. With this backdrop, Tamim et al. (2015a) carried out a systematic review of current government-supported tablet initiatives around the world to understand more of their educational underpinning and underlying principles in general. This review from Tamim et al. (2015a) concluded "that the majority of these initiatives have been driven by the tablet hype rather than by educational frameworks or research-based evidence" (p. 9).
To a certain degree Escueta, Quan, Joshua and Oreopoulos (2017) find some of the same tendencies in their evidence based review about educational technology in general:
We found that simply providing students with access to technology yields largely mixed results. At the K-12 level, much of the experimental evidence suggests that giving a child a computer may have limited impacts on learning outcomes, but generally improves computer proficiency and other cognitive outcomes. One bright spot that warrants further study is the provision of technology to students at the post-secondary level, an area with some positive RCT evidence (p. 87) In addition, Fairlie and Robinson (2013) revealed much of the same when they examined the effects of home computers on academic achievement among schoolchildren and concluded that "we find no evidence that home computers had an effect (either positive or negative) on any educational outcome, including grades, standardized test scores, or a host of other outcomes" (p. 234). From these three studies (and also from earlier meta-analysis as e.g. Tamim et al. 2011) , we can see that access to technology is not enough -it seems to be a consensus in the research community that it has to be closely attached to well founded pedagogy and didactics. So, what do we know from recently published meta-analysis about tablets and mobile technology in pedagogical settings?
The meta-analysis "The effects of integrating mobile devices with teaching and learning on students' learning performance: A meta-analysis and research synthesis" by Sung, Chang & Liu (2016) find that "The overall mean effect size for learning achievement in this meta-analysis was 0.523, meaning that learning with mobiles is significantly more effective than traditional teaching methods that only use pen-and-paper or desktop computers" (p. 257) . For tablet PCs they find a specific effect size of 0.615. Also Sung et al. state that if we compare these effect sizes with Kulik and Kulik's (1991) and Tamim et al. 's (2011) metaanalyses between using computers and not using computers in education (effect size between 0.30-0.35), some of the reason for these improved effects might be attached to the affordances specific tablet and mobile technology give. However, Sung et al. emphasise that more research has to examine such issues. Tamim et al. (2015b) carried out a meta-analysis of sixty-eight studies based on of twentyseven quantitative studies and forty-one qualitative research studies, and concluded that "findings from the current meta-analysis indicate a moderate strength average effect size for the impact of tablets and smart mobile devices on student outcome measures" (p. 38).
These two meta-analyses are up to date, give some promising results, and indicate that tablets represent a type of hardware with other affordances than traditional computers. However, these are preliminary tendencies and we need more research concerning the affordances tablets might give (or not give).
Concerning more specifically literacy, Genlott and Grönlund (2016) examined the effects of the "Write to Learn" (WTL) method. The results showed that the WTL group achieved the best results, and they concluded that access to technology is not enough: ICT has to be attached to both didactical and pedagogical elements in instruction.
This article is downloaded from www.idunn.no. © 2018 Author(s). This is an open access article distributed under the terms of the Creative Commons CC-BY-NC-SA 4.0 License http://creativecommons.org/licenses/by-nc-sa/4.0/). Cheung and Slavin (2013) find in their meta-analysis of the effectiveness of educational technology applications for enhancing mathematics achievement in K-12 classrooms only a positive, modest effect of d=0.15. In another meta-analysis examining how features of educational technology applications affect student reading outcomes, they also find positive, modest effects of d=0.16 (Cheung and Slavin 2012) . They explain that high quality studies (included in their meta-analysis) within educational technology give a lower effect size than studies with methodological weaknesses (excluded from their meta-analysis).
On the basis of this literature review we find that despite having some research knowledge internationally about tablets (and other types of educational hardware) in schools, we have very little research knowledge about how the large-scale implementation of tablets affects pupils learning outcome in Norway. Our trailing research is therefore positioned towards this "gap", and will provide empirical data as related to our research questions.
Theoretical framework
The theoretical framework for the whole study underpins the research questions (and are not an analytical framework). It refer to the theories of Piaget (1967) and Vygotsky (1978) where tablets are related to both knowledge construction and collaborative learning, and linked to student-centred and group-based teaching design. Educational technology (like tablets), as it appears today in Baerum schools with its distinctive feature of digital tools, relates especially to more recent socio-cultural perspectives on learning (Wertsch, 1998; Cole, 1996; Säljö 2005; Stahl, 1993 , Lave & Wenger, 1991 , Wenger, 1998 as a mediating artefact. The socio-cultural perspective emphasises the point that learning is constructed in interaction with other people and mediating artifacts, which has a significant focus on the basic thinking in the "Digital everyday school"-school development project. James Wertsch states that such new kinds of mediation and mediated artefacts can give new possibilities and the experience of "(…) how the introduction of novel cultural tools transforms the action" (Wertsch, 1998, p. 42) . The use of tablets for learning purposes also relates to Richard Mayer's (2010) Multimedia Learning Theory where he describes learning with technology, such as situations wherein technology is used for the purpose of promoting learning, and is concerned with the human construction of knowledge as a framework for learning.
However, tablets are a type of hardware that can be applied in numerous ways, and it is important to understand the affordances of such technology and the context of use. This is based on the fact that there are several similarities between ICT for entertainment use and educational technology for use in school, and sometimes it is hard to distinguish them from each other. However, educational technology is developed especially for educational purposes, while ICT consist of a myriad of technologies such as social media, mobile phones, wireless broadband, PCs, and so on, which are developed first of all for everyday life (and not especially for educational purposes). Tablets can be used in both contexts, but in this study we examine it as educational technology with certain affordances for teaching and learning in school contexts. Educational technology can therefore be defined as "the study and ethical practice of facilitating learning and improving performance by creating, using and managing appropriate technological processes and resources" (Januszewski & Molenda, 2008, p. 1) . Thus, our theoretical underpinning for the study is also attached to digital didac- tics. This concept was introduced in Krumsvik's (2008) article, "Situated learning and teachers' digital competence", and further examined in various studies (Krumsvik 2009a; Krumsvik 2009b; Almås & Krumsvik 2009; Krumsvik 2012) . Like later digital didactic models of, for example, Jahnke, Bergström, Mårell-Olsson, Häll and Kumar (2016) , this digital didactic model focuses on the most relevant elements teachers need to consider in the digitalised school with the awareness that "(…) adding 21st-century technologies to 20th-century teaching practices will just dilute the effectiveness of teaching" (OECD 2015, s. 5) .
The coherence between the pupils' knowledge construction and collaborative learning linked to student-centred teaching design in school (attached to sociocultural theory), learning with technology (tablets) attached to multimedia learning theory and teachers' pedagogical practice (attached to digital didactic) underpins the research questions of the study which in the first cohort are:
1. To what extent does the implementation of tablets affect learning outcomes at schools Baerum Municipality (where the outcome measures are recorded data such as National Mapping Tests, National Tests and the National Pupil Survey)? 2. To what extent does the implementation of tablets affect social enjoyment and learning environments at schools Baerum Municipality? (based on the National Pupil Survey).
To be able to examine these variance research questions in the first cohort, we have chosen trailing research and mixed method research described below.
METHODOLOGY
The subsequent research made use of trailing research (Finne, Levin & Nilssen 1995) and mixed method research (Fetters et al. 2013) , which involved combining different methods and data sources. To be able to answer the research questions in this study, we have chosen to design this study as an explanatory, sequentially mixed-methods design (Fetters, Curry and Creswell 2013) . We follow the staged approach, which means that data are reported in stages and published separately. In this article (the first cohort), we therefore only report the quantitative effect analysis which is based on existing recorded data. Our third and final endpoint is social enjoyment and learning environments. This has been gathered from the the National Pupil Survey. The National Pupil Survey focuses on how pupils perceive their learning environment at school, how motivated they are, how their social well-being is at school, if they experienced any bullying, how they experience the teachers, and so on. The results of the the National Pupil Survey have also been obtained from the Norwegian Directorate of Education and Training's School Portal, based on class levels and divided by gender. We have used as a basis the various indicators defined by the Directorate as being relevant for the pupils' learning environments. 3 We used data from the National Pupil Survey covering 2013 to 2015. No data for 2016 was available on the School Portal when our analysis was carried out.
SAMPLE SELECTION
All three endpoints are linked to school data taken from the Information System for Primary and Secondary Schools (GSI), and to the socio-economic indicators for the twentyfour primary schools in the Municipality of Baerum. The table below describes the pupils at the five pilot schools and the pupils at the other schools, where we investigate whether or not there are differences in the Pilot 1 schools and other schools in Baerum with respect to different indicators. between several areas. b) Share of low income is defined as a proportion of the area's population from 16-64 years with less than 50% of the median income. There are no significant differences between the pilot and non-pilot schools. Significances have been tested using a T-test (T-test for independent samples) with significance level variances of 10%, 5% and 1%. Source: Indicators from 2011 for 9 planning areas in Baerum have been calculated by Statistics Norway (SSB). The distribution between the schools has been prepared by the Municipality of Baerum. For some schools a percentage distribution has been created between several areas under 50% of the median.
This table shows that the Pilot 1 schools as a group are composed of a slightly higher percentage of secondary schools than other schools in the municipality when taken as a whole. Furthermore, the pilot schools are smaller than the schools which are not included in the pilot. The pilot schools also have fewer assistant hours per pupil than the other schools. All the variables have been statistically tested for significant deviations from the other schools.
The tests showed that there were no significant differences between the pilot schools and other schools in Baerum in 2014.
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As regards the socio-economic parameters (using Living Conditions Indicator), there are only differences with respect to the percentage of immigrants. In this context it would appear that there are more pilot schools with a higher percentage of children with immigrant backgrounds (proportion of immigrants and Norwegians born with immigrant parents), although statistically we find no differences between these two groups. Normally caution should be exercised when drawing conclusions about the background of socioeconomic variables since these variables date back to 2011 and not all the children in the population went to school then. It is anticipated that the pupil base and the surrounding area is constant since the school districts are only altered marginally each year. In our analysis the indicators are only used to test the soundness of the results from the other analysis, and not as an independent analysis.
In January 2017, Statistics Norway launched a report 5 about school contribution (school added value) indicators for each school in Norway. School added value can be defined as: "The contribution of a school to student's progress towards stated or prescribed education objectives (e.g. cognitive achievement). The contribution is net of other factors that contribute to student's education progress" (OECD 2008, p. 12 ). The table below shows the Pilot 1 schools and their relative positions in relation to the average. Most primary schools in the Municipality of Baerum are above the national average with respect to school contributions. At secondary school level there are only two schools out of the thirteen which are above the national average.
By conducting effect analyses we investigated how the tablets affected the learning outcomes acquired the pupils and their learning environment on school level. We made comparisons between the Pilot 1 schools in the Everyday Digital Schooling project and schools which were not part of the project. We used a difference-in-difference approach where developments at the pilot schools were compared with developments at the other Baerum schools. This means that our effect analysis is prepared using a difference-in-difference approach (diff-in-diff) in a simple respective average analysis and a more advanced fixedeffect regression analysis. The simple diff-in-diff analysis looks at the average differences between the five pilot schools and all the other schools in Baerum prior to the introduction of tablets. This is then compared with the differences between the five pilot schools and all the other schools in Baerum after the introduction of tablets. The figure below illustrates the difference-in-difference approach. By using a diff-in-diff approach in a more advanced fixe-effect regression analysis, it is possible to check for time-constant variables at school level. This means that variables which do not change over the years, such as size of school, geographical location and organisation will be checked. In addition this method will take into account unobservable properties which are constant over the years, such as school culture and pupil base (provided that the pupil base does not change and absence of contamination effects between pilot and control schools).
EFFECT ANALYSES
The purpose of conducting an effect analysis is to investigate how the introduction of tablets affects pupil learning outcomes and learning environments. The pupils' learning outcomes and learning environments are then compared at the five pilot schools against schools where tablets have not been introduced.
IDENTIFICATION OF EFFECTS
The figure below provides details about when the five pilot schools introduced tablets. The figure also shows when the different endpoints were collected at national level. In addition the grey areas show the years which are used as "before" and "after" measurements. Jong and Bekkestua primary schools introduced tablets as early as the autumn of 2014, while the last three pilot schools introduced tablets in January 2015. The endpoints from 2014 are used as "before" measurements. For the National Pupil Survey and the National Tests, this means that the "before" measurements are not one hundred percent actual "before" measurements for Jong School and Bekkestua Primary School. On the other hand, the National Mapping Tests in 2014 qualify as "before" measurements for all the schools since they were undertaken during the spring of the same year. The reason why data from 2013 was not used in the National Tests was that these tests are not comparable with data from 2014 and later. 6 For the National Pupil Survey, 2013 can be used as "before" measurements. However, the "before" measurements from 2014 are used in order to keep the three analyses as a whole. In order to investigate whether or not it is significant that 2014 is not a one hundred percent real "before" measurement of the National Pupil Survey for all the schools, we have conducted a supplementary analysis of the National Pupil Survey where the 2013 measurements are used as "before" measurements.
The data from 2015 and 2016 is used for "after" measurements. Both years are used since in 2015 only half a year had elapsed since tablets were introduced in some schools, and by using both years it is possible to find a more stable effect. 2015 stands on its own as an "after" measurement in all the analyses in order to see if there is a difference between the length of the periods which are included in the analysis.
RESERVATIONS AND UNCERTAINTIES IN THE ANALYSIS
In diff-in-diff analyses (both simple and fixed effect analyses), it is assumed that the pilot and non-pilot schools would have developed along the same lines if the pilot schools had not introduced tablets.
7 This assumption is necessary, since the diff-in-diff analysis defines the group of schools which have not received tablets as the contra-factual outcome for 6. Source: https://www.udir.no/eksamen-og-prover/prover/administrere-nasjonale-prover/#finn-og-analyser-resultatene 7. This is also referred to as a Common Trend Assumption. schools which have introduced tablets. In other words, when the schools' previous differences have been taken into account, it is expected that they will have the same development over the years in the National Tests, Mapping Tests and National Pupil Survey. This is a strict assumption, and it cannot be tested in any greater detail in the data which we have available. Consequently, when interpreting the results one should be aware that there may be some instances when the Pilot 1 schools could nevertheless have developed the way they did without introducing tablets. One way of approaching this strict assumption is to include variables about the pupils' individual backgrounds. Unfortunately we were not able to do this since this type of data was not available to us.
Apart from this strict assumption relating to development, there is another uncertainty which involves "class effect". Class effect means that the analysis is based on a comparison of a year group of pupils in, for example, Class 5, with the subsequent year group of Class 5 pupils in the following year. This means that we are not following the same pupils. Since we are not following the same pupils, it is possible that the effects produced by using tablets could be caused by pupils who are more clever or less clever when taken as a total, rather than the properties of the tablets themselves. The class effect can be tested by following a group of pupils over two classes (e.g. from Class 1 to Class 2) where possible, to see if this changes the results.
A third uncertainty is the number of years included in the analysis. If only before and after monitoring is included, then it is the short-term effects which are analysed. In this respect supplementary analyses involving two subsequent measurements for 2015 and 2016 respectively would enable us to see if there are any differences between the short-term effects and the effects after two years.
The final and greatest uncertainty relating to the quantitative analyses is that there are only two primary schools 8 and two secondary schools that are Pilot 1 schools. This produces very few observations for analysis of the effects of tablets. This is a methodological limitation in this study because diff-in-diff approaches are normally data intensive (and will be taken better care of in the next cohort of the trailing research). This means in turn that the results cannot be generalised to other schools or municipalities. Furthermore, we have an analysis of the measurable effects, something which means that the analysis does not capture the potential effects of learning apart from the measurable indicators. All the results must therefore be read with these reservations.
RESULTS
In this part of the trailing research we only present the quantitative effect analysis based on our research questions.
As previously mentioned, the results will be divided up so that the results of the National Tests are described first. These will be followed by the results of the Mapping Tests and finally the results of the National Pupil Survey. Finally these will be collated in a short summary of the results. 
National Test results
In the following we will present the results of the National Tests for English, reading and arithmetic for Class 5, followed by the results of the National Tests for arithmetic and reading for Class 9. At the same time we need to make special reservations with respect to the results for reading and arithmetic for Class 5 during the autumn of 2016 when the Pilot 1 schools experienced problems with completing some reading and arithmetic tests when using tablets. This was also reported to the Office of the County Governor of Oslo and Akershus who confirmed the situation 9 and asked the schools to consider ignoring the results of these tests. Note: The significance tests are created with a two-tailed T-test with the same deviations. *** means that we can say with 99% certainty that there are differences between the control and tablet groups. ** means that we can say with 95% certainty that there are differences between the control and tablet groups. * means that we can say with 90% certainty that there are differences between the control and tablet groups. If there are no asterisks this means no statistically significant differences. a) Bekkestua Primary School is not included in the analysis since it did not have a separate Class 5 when the measurements were carried out. b) Double the number of observations was carried out since they are for both 2015 and 2016, i.e. all the schools are included twice.
National
9. The reason for this was that the most recent update of the iOS 10 operating system for iPads had resulted in some of the functions relating to some of the National Tests failing to work properly. In the "Difference before" column, we see that the pilot schools generally had lower total points in the National Tests in 2014 in relation to the other schools in the Municipality of Baerum (the non-pilot schools). As regards boys at the pilot schools, the total points are significantly lower, at a 5% level of significance. If we look at the "Difference after" column, that is, after the introduction of tablets, there are almost no differences between Pilot 1 and the average test results of the other schools. Overall the effects of introducing tablets are positive and significant for Class 5 boys with respect to English and arithmetic. As regards the girls, we cannot say with any statistical certainty whether or not any changes have occurred. If there is a change for the girls, the results indicate that it is positive. The following table presents the advanced analysis with the fixed-effects regression analysis of the Class 5 National Test results. Table 4 Diff-in-diff in "Fixed effect" regression analysis for Class 5.
Before tablets (2014) After tablets (2015, 2016) Effects Pilot schools
Note: The significance tests are created using a linear regression analysis with fixed effect for the school and year. *** means that we can say with 99% certainty that there are differences between the control and tablet groups. ** means that we can say with 95% certainty that there are differences between the control and tablet groups. * means that we can say with 90% certainty that there is a difference between the control and tablet groups. a) The effects of tablets is an interaction link between the dummy variable for being a tablet school and the dummy variable for being after the implementation of tablets. In other words, the effects are calculated using a difference-in-difference approach. The reason that 73 boys and 73 girls is not equal to 75 (all pupils) is because they are numbers of schools. The reason why not all schools (36 and 75) have broken numbers on gender is because some of the schools do not have this data available.
The fixed-effect analysis shows the same results as the simple difference-in-difference analysis in Table 3 . The "Effects of tablets" variable, which is marked in grey, can be compared with the diff-in-diff effect in the previous table. In the fixed-effect analysis time-constant characteristics at school level have been taken into account, as well as a few other characteristics: large school and number of pupils per man-labour year. The results of the analysis are that we see positive significant effects with respect to English for "all pupils" and for the boys. There are also positive significant effects with respect to arithmetic for the boys. On the other hand there are no effects relating to arithmetic for the girls.
All pupils Boys Girls Arithmetic Reading English Arithmetic Reading English Arithmetic Reading English
Pilot school -2.9 -4.5* -6.3*** -4.4* -3.9 -5.4** -1.5 -2.9 -3.7
After tablets -0.8* -0.7 -0.8* -1.3** -0.5 -0.3 -0.4 -0.5 -0.9
Effect of tablets a)
2.6 3.5 5.0** 5.3** 3.9 5.9** -0.6 1.2 3.9
Large school b) 
NATIONAL TESTS FOR SECONDARY SCHOOLS (CLASS 9)
This paragraph presents the results of the Class 9 National Tests. The table below shows the average test results of the National Tests and of the compulsory arithmetic and reading tests for all pupils respectively, only boys and only girls in Class 9. The column entitled "Diff-indiff " shows the extent to which the pilot schools have developed in a more positive direction than other schools in Baerum following the introduction of tablets. A positive figure indicates that the pilot schools have developed more positively than the other schools. These analyses are prepared for Class 9, since the Class 8 pupils may have gone to one of the primary schools which have introduced tablets, and this would therefore create an uneven distribution in the results. Note: The significance tests are created with a two-tailed T-test with variations. *** means that we can say with 99% certainty that there are differences between the control and tablet groups. ** means that we can say with 95% certainty that there are differences between the control and tablet groups. * means that we can say with 90% certainty that there is a difference between the control and tablet groups. a) There are twice as many observations in the "after" measurements since both 2015 and 2016 are included, i.e. all the school are included twice.
In the column entitled "Difference before" it can be seen that the Pilot 1 schools generally had almost the same test results in the 2014 National Tests as the other secondary schools in the Municipality of Baerum (non-pilot schools). The effects of using tablets are seen in the "Diff-in-diff " column. The difference over time is not statistically significant, that is, we cannot say with any great degree of certainty that the difference is not coincidental. When preparing a similar analysis in which we follow the Class 8 pupils before the introduction of tablets and until Class 9 after the introduction, and thus take the class effects into account, we find the same results as those which we would obtain when only looking at Class 9.
The Note: The significance tests are created using a linear regression analysis with fixed effects for the school and year. *** means that we can say with 99% certainty that there are differences between the control and tablet groups. ** means that we can say with 95% certainty that there are differences between the control and tablet groups. * means that we can say with 90% certainty that there is a difference between the control and tablet groups. a) The effects of tablets is an interaction link between the dummy for being a tablet school and the dummy for being after the implementation of tablets. In other words, the effects are calculated using a difference-in-difference design.
Once again it can be seen that there are no effects resulting from introducing tablets in Class 9. This can be seen from the variable entitled "Effects of tablets" which is marked in grey, where the effects are not significant and consequently it cannot be concluded with any great degree of certainty that there is a difference in development at the schools. "Effects of tablets" can be compared with the "Diff-in-diff " results in the previous table. Furthermore, it can be seen that pupils attending schools with more than 400 pupils have significantly better test results for arithmetic than pupils at smaller schools.
RESULTS OF THE MAPPING TESTS
The introduction of tablets is also expected to be important with respect to learning environments and learning results for reading and arithmetic for Classes 1-3. These classes are not tested in the National Tests, but National Mapping Tests are held instead. The Mapping Tests investigate to see whether or not pupils are above or below the borderline for concern with respect to the anticipated learning level, and whether or not extra adjustments might be required. An increase in the percentage above the critical limit at the pilot schools could indicate that the introduction of tablets has helped to improve learning in primary schools. The table below shows the percentage of pupils above the critical limit with respect to the Mapping Test for reading (the respective sub-tests are spelling, reading, comprehension) and the Mapping Test for arithmetic at the Pilot 1 schools and the other primary schools in Baerum. A positive value in the "Diff-in-diff " column indicates a positive effect of introducing tablets. In the table the effects are marked by asterisks if they are significant at a 10 percent (*), 5 percent (**) or 1 percent (***) significance level (see the note to the table for an explanation of the significance). Table 7 Difference-in-difference analyse of the percentage of pupils above the critical limit, Classes 1, 2 and 3.
Note: The significance tests are created with a two-tailed T-test with variations. *** means that we can say with 99 % certainty that there are differences between the control and tablet groups. *** means that we can say with 95 % certainty that there are differences between the control and tablet groups. * means that we can say with 90 % certainty that there is a difference between the control and tablet groups. a) There are twice as many observations in the "after" measurements since both 2015 and 2016 are included, i.e. all the school are included twice. Furthermore, Bekkestua Primary School is only included in the "after" measurements, something which means that there are three pilot schools in the "after" measurements, but only two schools in the "before" measurements. If Bekkestua Primary School is not included in the "after" measurements, the conclusions will not however change.
The table above has no clear conclusions. Generally speaking, positive values are shown for Classes 1 and 2 with respect to estimated effects (the "Diff-in-diff " column). However, none of these effects can definitely be said to be significantly different to zero. The effect percentages for Class 3 in arithmetic are significantly negative. 10. The first test studies whether or not the number of years included in the "after" measurements produces a significant impact on the results. This test has been prepared by just looking at 2015 as an "after" measurement. The same results are seen here as in Table 7 , but there are no significant effects for Classes 1 and 2 and a negative significant effect for Class 3 in arithmetic. At the same time the effects are greater, but the conclusions are no different. The second test looks at the class effects. In other words, the significance of not having the same pupils in Class 1 before and after the introduction of tablets. This test has been prepared by following the same pupils before and after the introduction of tablets and then comparing them with other pupils. The test shows that there are no particular class effects, since the same results and conclusions also appear in Table 7 . We cannot see any particular connection by comparing the results of the Mapping Tests and the National Tests. The Mapping Tests have negative effects for Class 3 with respect to arithmetic, while the National Tests for Class 5 are positive, especially with respect to the results for the boys. This disagreement could either be attributable to the fact that the effects of introducing tablets varies from class to class, or that the tests are not suitable for capturing the type of learning results which the introduction of tablets potentially entails. We also refer to our previously mentioned reservations.
RESULTS OF THE NATIONAL PUPIL SURVEY
The third and final part of our quantitative effects evaluation with respect to introducing tablets concerns the pupils' learning environments. The enjoyment experienced by the pupils and their learning environments are measured in the compulsory National Pupil Survey for all Class 5-10 pupils in the Municipality of Baerum. In this survey the pupils generally reply that they agree with a number of statements about their everyday lives at school, on a scale of 1 to 5. In our analyses below we have chosen to base our analysis on the results for Classes 7 and 10.
The table below shows the results and estimated effects (the "Diff-in-diff " column) of introducing tablets for Class 7 at the Pilot 1 schools compared with other primary schools in Baerum. A positive value means an increase for the Pilot 1 schools compared with the other schools in Baerum. Note: The significance tests are created with a two-tailed T-test with variations. *** means that we can say with 99% certainty that there are differences between the control and tablet groups. ** means that we can say with 95% certainty that there are differences between the control and tablet groups. *** means that we can say with 90% certainty that there are differences between the control and tablet groups. If no asterisks are shown, this means that there are no statistical differences. a) In the Pupil Survey the pupils respond on a scale of 1 to 5. The 10 indicators are based on a number of background questions. The table above shows that there are no great differences with respect to the results of the National Pupil Survey between the Pilot 1 schools and the non-pilot schools. The only significant effects we have found in the National Pupil Survey relate to bullying in Class 7. The bullying indicator in the National Pupil Survey consists of the following question: "Have you been bullied at school during the last few months?", and we register a significant increase in this respect which applied to the Pilot 1 schools in 2014 to 2015. This significance is 10%, which means that there is only a 10% likelihood that this increase is coincidental and is thus not attributable to the introduction of tablets. When extending our analysis to also include the 2016 National Pupil Survey, we still see slightly higher figures among the Pilot 1 schools when compared with other primary schools in Baerum, but the difference is smaller and not significant. This means that we find a negative effect just after the introduction of tablets, but that this subsides and ceases over time. Furthermore, we cannot exclude the possibility that the effects of bullying in 2015 are related to possible class effects and other circumstances which are not related to the introduction of tablets. We would therefore request that the indicator for bullying and the results shown here should be interpreted with discretion and in line with the reservations made.
As regards to the other indicators, the effects are also negative, but these are not significant. There is therefore a high degree of likelihood that it is coincidental that the effects are different to zero.
In the table below we look more closely at the results of the National Pupil Survey for Class 10 at the Pilot 1 schools and other secondary schools in Baerum. say with 95% certainty that there are differences between the control and tablet groups. *** means that we can say with 90% certainty that there are differences between the control and tablet groups. If no asterisks are shown, this means that there are no statistical differences. a) In the Pupil Survey the pupils respond on a scale of 1 to 5. The 10 indicators are based on a number of background questions. The design of the indicators is explained on the following website: www.skoleporten.udir.no . b) 2016 is not included in the "after" measurements since these were not be available on the school portal at the time the analysis was carried out.
In common with Class 7, most of the effects for Class 10 in the National Pupil Survey are around zero. Our findings show no effects with respect to the pupils' learning environment as a result of introducing tablets. If the effects are divided between boys and girls, we see the same results for these two sub-groups: no significant effects with very small percentages. As regards bullying in Class 10, we have added three extra analyses which also include an average of the bullying indicator for Classes 8, 9 and 10, as well as for 2016 in the analysis. At the same time these extra analyses do not change our earlier conclusion about bullying at secondary schools, that is, that there are no significant differences between the Pilot 1 schools and other secondary schools in Baerum with respect to bullying. In line with the National Tests and the Mapping Tests, one should be aware that the pupils who are monitored before are not the same pupils as those who are monitored afterwards. This means that there may be class effects. At the same time, since class effects have not been significant in the two previous endpoints, they are not expected to be particularly significant in this respect either.
SUMMARY OF STATISTICAL EFFECT ANALYSES
Our quantitative effect assessment shows small positive effects for English and arithmetic for the primary schools (analysed for Class 5) as a result of introducing tablets, based on the results of the National Tests. However, these effects are only significant with respect to the boys. At the same time we have observed no significant effects with respect to learning results in National Tests for arithmetic and reading for Class 9.
The results of the Class 1-3 Mapping Tests are mixed and do not align with the results of the Class 5 National Tests. We find negative effects resulting from the introduction of tablets in the National Mapping Tests for arithmetic for Class 3. One possible explanation for this difference could be related to possible class effects, but it could also be seen in the light of the very small selection with few observations and average figures for each class. In this respect time series involving observations over several years might provide a more thorough analysis. Generally speaking we have so far found few effects in the National Mapping Tests and National Tests which can be said to apply to the Pilot 1 schools with any degree of statistical certainty.
The results of the National Pupil Survey with respect to Classes 7 and 10 only show one significant effect, that is, a negative effect on the bullying indicator for Class 7 in 2015. At the same time this effect is short-lived, since it appears to cease during the following year (long-term effect).
As regards our effect analyses, we would repeat for the record that it is only two primary schools 11 and two secondary schools that are referred to in these analyses. This produces very few observations and means that one should be careful with generalising significant findings on to other schools. Our analysis focus on measurable effects and do not reveal whether or not teaching effects exists outside our chosen parameters. All the results must therefore be read with the reservations mentioned above.
DISCUSSION
Our trailing research has been based on three main issues which we believe are relevant for confirming or invalidating the positive findings which were revealed at the Pilot 1 schools in 2015 and 2016: how does the introduction of tablets at the Pilot 1 schools affect experiences and attitudes, how do the experiences and attitudes of the Pilot 1 schools develop over time and how does tablet usage affect the development of pupils' learning? In this part of the trailing research, presented in this article (first cohort), we only focus on the quantitative part of the study based on the research questions:
1. To what extent does the implementation of tablets affect learning outcomes at schools in Baerum Municipality (based on recorded data such as National Mapping Tests, National Tests and the National Pupil Survey)? 2. To what extent does the implementation of tablets affect social enjoyment and learning environments at schools in Baerum Municipality? (based on the National Pupil Survey).
Mixed results
In our statistical analyses of the pupils' learning outcomes before and after the introduction of tablets, we have provisionally found few effects (attached to both of the research questions) resulting from the introduction of tablets and little to indicate a strong connection in this respect. We have only registered two significant findings at the primary schools and these two findings bear no relation to each other. On the one hand, the results were negative with respect to arithmetic for Class 3 pupils at our pilot schools, while on the other hand, the results were positive with respect to arithmetic and English among Class 5 boys at our pilot schools. The secondary schools produced no significant findings with respect to being pilot schools. Overall we found no clear results showing how the introduction of tablets had affected the pilot schools the first year (for the first cohort). Our results from the trailing research differs clearly from the findings in "Everyday Digital Schooling -review and analysis of the experiences acquired by five pilot schools in the Municipality of Baerum" (Baerum Municipality 2015) which generally showed positive attitudes and experiences from the implementation of tablets. This might be explained by different focus areas, development work versus research, as well as the fact that the outcome measures lie outside the intervention in our trailing research. Also internationally there are similar findings that when using outcome measures which are not a part of the intervention, the effects are often modest (Cheung & Salvin 2012; 2013) .
However, the Municipality of Baerum appears to have been successful with the practical implementation of tablets at the pilot schools and the establishment of good, positive atti- tudes among the pupils, teachers and head teachers who have been using tablets. The introduction of tablets also appears to have contributed towards positive school developments in several areas which are not necessarily reflected in the pupils' learning outcomes in the short term (presented in this article).
Building on the findings from the review by Tamim et al. (2015a) it seems like many of the pilot schools still need to adopt a greater degree of awareness and place more emphasis on how and when tablets can and should be used in order to improve the digital didactics of lessons. And Cheung and Salvin also emphasise that "(…) the question is no longer whether teachers should use educational technology or not, but rather how best to incorporate various educational technology applications into classroom settings" (p. 102). As part of this digital didactic, other Norwegian studies shows that it might be necessary to develop and strengthen the teachers' digital competence and class management in technology-rich environments, so that they can be more successful at exploiting the options afforded by tablets in a better, more suitable and didactic manner (Krumsvik, Egelandsdal, Sarastuen, Jones & Eikeland 2013) . To change the teacher's role from the "sage on the stage" to the "guide on the side" (Van Dusen, 2000, 14) when using tablets in teaching includes incorporating different digital didactic methods, and clarifying them in subject descriptions, competence aims and assessment forms (deeply entrenched structures) based on the national curriculum (LK06, KD 2006).
Changes take time
According to school researcher Michael Fullan (2001) , changing school activities and culture is simultaneously a challenging, time-consuming process, something which often takes three to five years before any changes can become a natural part of the practices of the school in question. This is also supported by Cuban, Kirkpatrick and Peck (2001) , who shows that changes in the classroom often take place slowly and in small steps, and that thorough, rapid changes are rare. This in turn is related to the fact that teachers who are weary of reforms develop, over time, a resistance to and are sceptical about comprehensive changes being made to their own daily teaching activities and what they believe constitutes good learning for their pupils. Fullan (2001) also points out that it is not uncommon to experience a temporary relapse or standstill during the early implementation phase (an implementation dip), before one starts to experience positive changes in one's own practices and improvements in the pupils' performance.
In the light of the relatively short-lived experiences for these pilot schools there may therefore be grounds for being patient with respect to any anticipated effects resulting from using tablets for teaching purposes, and it should also be borne in mind that the development of the pupils' digital competences has two functions. In addition to "building bridges" between the other basic skills, and thus helping to improve learning outcomes with respect to the various subjects, digital competencies are also important for pupils being able to master the academic demands of schools and higher educational institutions and the demands of their future professional careers. This applies also to the development of other competencies, also referred to as 21 st century skills 12 , which agree with those pointed out by the Ludvigsen Committee in its official report, entitled "Schools of the Future -Renewal of Subjects and Competences (KD 2015) . Also Fullan's (2013) six principles for twenty-first century skills underlines the importance of focusing on such transferable skills, which can be related to the national framework for digital tools as a basic competence (National Education Directorate 2016) and the new general part of the national curriculum (National Education Directorate 2018) in Norway. It is therefore important to keep in mind that tablets can contribute to pupils' development of such 21 st century skills based on providing quick and rapid access to more learning sources, updated information and different learning platforms, which in turn may pave the way for stimulating and developing pupil competencies with respect to critical and independent reflection. These are transferable skills which the outcome measures in this study do not focus explicitly on, but nevertheless can contribute to improve the quality of education at Baerum schools if these opportunities are exploited to the full.
To conclude, Baerum schools seem to have made good progress with their practical implementation of their school development ambitions, but the empirical implications of this first cohort of the trailing research show that they still have some way to go to improve learning outcome based on the implementation of tablets in the schools. The methodological implications of the study makes it possible to follow the up the first cohort with a second cohort as well as replicate the same research design in other municipalities in Norway. With some reservations, this might contribute to the enhanced use of outcome measures outside the interventions to improve the quality of the research on educational technology.
LIMITATIONS
There are a number of limitations in this study. First, in this part of the trailing research we have only presented the quantitative data of the study. This might be a certain limitation since the trailing research consists of several other data sources which give a broader picture of the implementation of tablets in Baerum Municipality. Second, the limited sample of schools is also a clear limitation of the study. Third, implementation of technology takes time and thus the short time frame of this study gives certain limitations.
